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Synopsis
This paper describes a class activity based on real data about COVID-19 death
rates in California. The activity helps students learn about exponential functions while providing an opportunity to integrate social justice concerns into the
mathematics classroom.
Keywords: exponential models, environmental justice
1. Introduction
Recent events, recent politics and the pandemic have, for many of us, strengthened our resolve to create more inclusive classrooms. We want our students
from all backgrounds and experiences to find mathematics to be a welcoming, supportive and relevant discipline. One way to do this is to integrate
applications of mathematics to social justice issues. We can educate students
about social justice and mathematics simultaneously.
Students who are uninterested in mathematics or who view mathematics as
irrelevant to their interests may become more motivated to learn mathematics
if shown how that mathematics can help understand problems in our society.
Understanding problems is the first step towards finding solutions. We can
show students that math can help illuminate problems of real concern in
their communities. We can show students that mathematics is relevant.
Mathematics can help understand social justice issues and therefore help us
collectively move towards a more just and equitable society.
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The pandemic has exacerbated existing inequities. Different groups have had
very different pandemic experiences. In particular, death-rates from COVID19 have been higher in communities of color than in white communities in the
USA. This paper describes a class activity which uses exponential functions
to model real data on COVID-19 death rates. The data clearly show the differing impacts the pandemic has had on different communities in California.
2. Background
COVID-19 has had an effect on everyone, but it has not had the same effect
on all groups. COVID-19 death rates increase with age in all racial groups in
the US. However, there are stark disparities in death rates when comparing
different racial groups of the same age. COVID-19 has been more deadly in
communities of color than in white communities, and this disparity is more
extreme at lower ages. Thus in communities of color more lives have been
lost younger, leading to more children losing parents, and more total years
of life being lost than in white communities [1].
The different impact of COVID-19 on different racial groups in California
is clearly apparent in the data found on the website https://www.cdph.
ca.gov/Programs/CID/DCDC/Pages/COVID-19/Race-Ethnicity.aspx, last
accessed on July 30, 2022.
This website provides data on COVID-19 cases and deaths by age and race
in California. Working with real data is motivating. But real data is often messy and noisy. The data here turn out to be quite well modeled by
exponential functions. Working with this data thus provides a motivation
for understanding exponential functions, because these functions can help us
understand COVID-19 death rates. The data do not provide explanations
or causes for these disparities, but can provide a launching point for class
discussion of what are some likely explanations for the differences and what
sort of data would be needed to explore this further.
3. Mathematics Learned or Reinforced
The activity begins by asking questions that help remind students that if we
want to compare how deadly COVID-19 is for two groups that we need to
compare, not raw numbers of deaths, but death rates. This reminds students
that about the importance of ratios.
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Some students tend to try to represent everything with linear functions. This
may be because linear functions are simpler than other functions, or may be
just because these are the most familiar type of function. This activity lets
students explore real data that are poorly modeled by linear functions, but
well modeled by exponential functions. We use desmos.com, a free online
tool to fit the models, so that students are freed from detailed calculations
and can concentrate on understanding and interpreting the models. Desmos
provides a graphing utility and can be used for model-fitting. In the activity
we first fit a linear and then an exponential function to the data. Students
can see clearly that the exponential function fits the data very well, while
the linear function does not. This can help students overcome their bias in
favor of linear functions.
The graph in Figure 1 below shows both the linear and exponential models
for death rate as a function of age for African American Californians. The
better fit of the exponential model is obvious.

Figure 1: Death rates from COVID-19 as a function of age in years for African American
Californians.
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In class we found exponential models for the death rates for African American
and White Californians and compared them; the disparities are obvious.
For homework students were then asked to do similar modeling for another
racial group.
If y is the death rate from COVID and x is age then Desmos finds the
following models for the data:
For African American Californians: y = .000692782 × (1.07156)x .
For White Californians: y = .0001444 × (1.08991)x .
This leads to an interesting discussion of the role of the two parameters in
an exponential model of the form y = a × bx . In the model for African
American Californians the value of a is larger than a in the model for White
Californians, but the opposite is true for the value of b. In exponential models
a dominates for small values of x and b for large values of b. This can be
clearly seen when the two models are graphed together (Figure 2). The two
graphs intersect at about x = 92.

Figure 2: COVID-19 Death rates for African American Californians (blue curve) and
White Californians (red curve).
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4. Student Reactions
Students responded well to this activity. The activity was implemented during a semester when teaching was fully remote. All classes were conducted
over Zoom, a format where it can be hard for students to maintain focus.
Students found this activity engaging.
When asked to comment on what they thought might be some of the causes
of the racial differences in COVID death rates, students offered suggestions
such as differential access to health care, differing income levels, and other
reasonable contributing factors. The instructor used this opportunity to
introduce the concept of environmental justice. For all or most students the
concept of environmental justice as a type of social justice was new.
According to the CDC, people with chronic lung disease are at a higher risk of
severe illness when infected with COVID-19 [2]. Air pollution is often higher
in communities of color and polluting industries are more likely to be located
in those communities than in affluent white communities. These environmental factors increase the prevalence of chronic lung disease [3]. So more
pollution in communities of color leads to more chronic lung disease which
makes COVID-19 more deadly, a clear example of environmental injustice.
5. Conclusion
The pandemic has brought pain, suffering, and death. And it has brought
these ills unequally to different communities and groups. The pandemic has
shone a spotlight on health inequities in our country. We can learn from the
pandemic, and we can use pandemic data to teach our students mathematics while simultaneously providing opportunities for our students to think
about social justice issues. The class activity described here is one way to
use COVID-19 data to provide students with an opportunity to better understand exponential models while at the same time clearly illustrating health inequities and bringing to the students’ attention environmental justice issues.
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A. The Class Activity
The website below contains data about deaths from COVID-19 in California
and race and age.
https://www.cdph.ca.gov/Programs/CID/DCDC/Pages/
COVID-19/Race-Ethnicity.aspx
Below you will find the data from this site as of March 31,2021.
We will be using Desmos (https://desmos.com) to do this work.
We will use this data to build models for the death rate of African American
Californians (18 or older) due to COVID-19 with respect to age. We will let
x stand for age in years and y stand for death rate.
(1) Is the following reasoning correct? Why or why not? Justify your
answer.
For African American Californians ages 65-79 there were 1322 deaths
and for African American Californians 50-64 there were 730 deaths.
1322 is about 1.8 times 730, so this means that it’s about 1.8 times
as likely for an African American Californian age 65-79 infected with
COVID-19 to die from the disease as it is for an African American
Californian age 50-64 infected with COVID-19.
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There are six age ranges in the data on this site. These are 0-17, 18-34,
35-49, 50-64, 65-79, 80+. There were, happily, very few deaths (a total
of 16) in the 0-17 year age range as of March 31, 2021. So we will only
consider people age 18 and up as we look at death rates.
For our purposes we will associate each age range with its midpoint so
we will associate:
the 18-34 range with

18+34
2

= 26

the 35-49 range with

35+49
2

= 42

the 50-64 range with

50+64
2

= 57

the 65-79 range with

65+79
2

= 72.

For each of the above age ranges (except 18-34) we are representing the
interval with the midpoint of the interval, which is the lower limit of the
interval plus 7. So we will represent the 80+, age group by 80 + 7 = 87.
These will be the values for the independent variable x. Now we will
calculate the death rates for each of these age ranges. The death rates
will be the dependent variable y.
For African American Californians ages 18-34 there were 36197 cases
70
and 70 deaths for a death rate of 36197
= .0019.
For African American Californians ages 35-49 there were 25546 cases
185
and 185 deaths for a death rate of 25546
= .0072.
For African American Californians ages 50-64 there were 25791 cases
730
730 deaths for a death rate of 25791
= .0283.
For African American Californians ages 65-79 there were 12151 cases
1322
and 1322 deaths for a death rate of 12151
= .1088.
For African American Californians 80+ there were 4394 cases and 1245
deaths for a death rate of 1245
= .2833.
4394
Our work above gives the following data points
(26, .0019), (42, .0072), (57, .0283), (72, .1088), and(87, .2833).
Enter this data in a table in Desmos (https://desmos.com).
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We can use Desmos to find a straight line model for this data.
y1 = mx1 + b
In Desmos enter y1 ∼ mx1 + b to get:

A straight line does not seem to fit this data well. Another way to say
this is that a linear model doesn’t seem to represent this situation.
Let us try an exponential model instead.
y1 = abx1
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Now Desmos gives us:

Much better. The model is
y = .000692782 × (1.07156)x
(2) What does this model predict would be the death rate from COVID-19
for an African American Californian age 20?
(3) Is the following reasoning correct? Why or why not? Justify your
answer.
On March 31, 2021 a total of 77 White Californians aged 18-34 had
died from COVID-19, while 70 African American Californians aged 1834 had died from COVID-19. So it seems that COVID-19 is slightly
more deadly for White Californians than African American Californians
in the 18-34 age group.
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We can calculate death rates from COVID-19 for White Californians
the same way as we did above for African American Californians and
this will give us the following data points.
(26, .0005), (42, .0027), (57, .0152), (72, .0741), (87, .2580)
Again we will find that a linear model doesn’t fit the data well but that
an exponential model does.
Model for White Californians:
y = .0001444 × (1.08991)x
Model for African American Californians:
y = .00069782 × (1.07156)x
(4) About what age would a White Californian be to have the same predicted death rate as a 40 year old African American Californian?
(5) What do these models predict is the death rate for a 60 year old White
Californian? About what age would an African American Californian
be to have the same predicted death rate?
(6) What do you think might be some of the reasons for the difference in
death rates between White and African American Californians? If you
wanted to explore these reasons, what kind of data would be useful?
You don’t need to actually do this exploration, just think about what
data would be useful.
(7) Are there ages at which African American Californians would have
lower COVID-19 death rates than White Californians, according to
these models? How can we see that in the graphs?
(8) What about Latino Californians? Do you think they would be more
like White or African American Californians with respect to death rates
from COVID-19? Explain your reasoning.
Data from the website as of March 31, 2021.

Jane Friedman

311

B. COVID-19 Race and Ethnicity Data
As part of its commitment to reduce health inequities, the state has launched
a Health Equity Dashboard on www.COVID19.ca.gov that tracks California’s
health equity measure and data by race and ethnicity, sexual orientation, and
gender identity. CDPH updates data tables on race/ethnicity weekly.

Cases: 3,570,660 total; 757,338 (21%) missing race/ethnicity
Deaths: 58,090 total; 866 (1%) missing race/ethnicity
*2,188 cases with missing age
**Census data does not include ’other race’ category

Cases: 3,570,660 total; 757,338 (21%) missing race/ethnicity
Deaths: 58,090 total; 866 (1%) missing race/ethnicity
*2,188 cases with missing age
**Census data does not include ’other race’ category
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Cases: 3,107,930 total; 671,591 (22%) missing race/ethnicity
Deaths: 58,066 total; 864 (1%) missing race/ethnicity
*Census data does not include ’other race’ category

Cases: 460,542; 84,699 (18%) unknown race/ethnicity
Deaths: 16 total; 0 (0%) unknown race/ethnicity
*Census data does not include ‘other race’ category
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Cases: 1,194,045 total; 271,777 (23%) unknown race/ethnicity
Deaths: 794 total; 17 (2%) unknown race/ethnicity
*Census data does not include ‘other race’ category

Cases: 851,474 total; 185,272 (22%) unknown race/ethnicity
Deaths: 3,074 total; 47 (2%) unknown race/ethnicity
*Census data does not include ‘other race’ category

313

314

Exponential Functions Model Pandemic Data

Cases: 681,723 total; 143,222 (21%) unknown race/ethnicity
Deaths: 11,419 total; 165 (1%) unknown race/ethnicity
*Census data does not include ‘other race’ category

Cases: 276,535 total; 52,301 (19%) unknown race/ethnicity
Deaths: 19,851 total; 267 (1%) unknown race/ethnicity
*Census data does not include ‘other race’ category

Data from the website as of March 31, 2021.

